The Smart Vest by Santimore, Dwight D & Fairman, Evart
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
January 2011
The Smart Vest
Dwight D. Santimore
Worcester Polytechnic Institute
Evart Fairman
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Santimore, D. D., & Fairman, E. (2011). The Smart Vest. Retrieved from https://digitalcommons.wpi.edu/mqp-all/2257
WORCESTER POLYTECHNIC INSTITUTE 
 
 
The Smart Vest 
Impact Detection System for Ballistic Vests 
 
A Major Qualifying Project Report 
Completed in Partial Fulfillment of Requirements for the 
Bachelor of Science Degree in 
Electrical and Computer Engineering at 
 
Worcester Polytechnic Institute, Worcester, MA 
 
Report Submitted by: 
Evart Fairman Dwight Santimore 
January 13, 2011 
 
Report Submitted to the Faculty and Advisor: 
Professor Robert Labonte, Project Advisor  
1 
 
Abstract 
 The goal of this project was to design a “smart” ballistic vest that detects the 
impact of bullets and then sends a wireless distress signal to call for assistance. The 
device was successfully designed and constructed, though the concept was ultimately 
determined to be impractical for a commercial product.  
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Executive Summary 
The goal of this project is to develop and study a device that can detect pressure 
and send the data over a wireless transmission.  Wireless hands-free technology is 
rapidly adapting to a variety of technology today.  The purpose of this project was to 
take the “Officer Down” protocol and simplify it into a device that handles the 
procedure without user input.  The solution was a body vest that is worn under the 
current equipment and detects harmful attacks. It then reports these attacks back to the 
station. 
Currently, the police use a button attached to the belt to alert the dispatcher if 
there is a problem.  However there may be situations in which the officer becomes 
incapacitated or unable to alert the proper channels.  It is possible to design sensors and 
equipment that will make the users that much safer. 
Various materials needed to be researched to determine which would be best 
suited for the device.  The goal is to build a device that would detect an impact inflicted 
onto the vest which would then transmit the signal to an onboard computer, and 
further sends that information to the dispatcher.  Once the dispatcher takes hold of the 
signal, they can use proper protocol to ensure the safety of the officer. 
One of the major pieces of the device is the sensor.  It is designed to be flexible 
and detect certain impacts.  The sensor monitors a variable capacitance, and once the 
threshold is reached, the signal is sent over to the transmitter.  The transmitter needs to 
be low power and mobile as the officer needs to be able to walk where he needs to and 
not worry about being attached to the car.  A proper receiver would then be determined 
after deciding the correct transmitter.  The signal needs to be secure, requiring the use 
of an encoder and decoder to transform the signal and make it unrecognizable to other 
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signals that may interfere.  This project details how the blocks mentioned come together 
to meet the device requirements. 
In the end we were able to successfully construct the device, though we had 
some issues. 
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Introduction 
Ballistic vests have become a staple of the security and defense industries. 
Modern police officers, infantry soldiers, and security guards feel safer in the 
knowledge that their vital areas are better protected from enemy gunfire. Obviously, no 
article of clothing can provide absolute ballistic protection, but the advantage of 
modern body armor is significant, and since the 1970s they have saved the lives of 
thousands of law enforcement officers. As technology has improved over the decades, 
these vests have become stronger, thinner, and better able to stop bullets, and this trend 
will continue for the foreseeable future. 
However, there is a downside to this helpful technology. When a ballistic vest 
stops a bullet, the force of the impact is still enough to cause significant blunt trauma. 
While the wearer’s life will likely be saved, he may be temporarily incapacitated by 
these injuries. The result is a hurt individual in a dangerous situation who may very 
well be unable to call for assistance on his radio. 
Our project seeks to remedy this potentially deadly situation with a device that 
detects the impact of a bullet on a ballistic vest and automatically radios in for 
assistance. This system would potentially save lives in situations where a law 
enforcement officer is alone and is unable to call for backup either due to injuries or to 
active engagement with an attacker.   
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Chapter 1: Background 
Security units use protective vests almost every day.  They help guard the body 
from various projectiles that might harm the officer.  When an officer is attacked, the 
situation becomes incredibly stressful and as a result, the officer may forget certain 
protocols and fail to immediately call for assistance.  A sensor equipped inside the vests 
to detect the force of concussive pressure would enable a signal to be automatically sent 
to alert the dispatchers that there is a problem. 
 
1.1 Ballistic Vests 
Soldiers and law enforcement officers have been wearing body armor for 
millennia, but only in recent decades has technology allowed the mass production of 
armor that is strong enough to stop a bullet while remaining lightweight enough to be 
practical in the field. Most modern ballistic vests are made from Kevlar, a material 
known for its high tensile strength-to-weight ratio. Because the vests are already rather 
thick (especially those designed to stop high-caliber bullets), the idea of adding an 
additional layer of electronic sensors might at first seem impractical. However, the 
sensor layer would add only minimal thickness to the overall garment. Additionally, 
advances in material science are enabling the development of thinner vests that can stop 
the same caliber bullets. 
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Figure 1 - Kevlar Vest 
1.2 Ballistic Sensor 
A pressure sensor is needed in order to detect ballistic impacts on a vest.  
Although it will lie behind the Kevlar layer in the vest, the sensor must be robust 
enough to withstand very high force. It must also be flexible enough that it does not 
encumber the wearer. Because there are no pressure sensors similar to this already on 
the market, it is necessary to design one. Using an electrically resistive fabric that varies 
in resistance as force is applied, it is possible to design a thin pressure sensor with the 
flexibility of clothing. The material used, called Velostat, is normally used for EMF 
shielding, but is perfect for this particular application. With a material that changes 
resistance when pressure is applied, all that is needed is a simple circuit that detects 
these variances in resistance. 
 
Figure 2 - Velostat 
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1.3 FM Transmitter 
In wireless applications, a transmitter is used to send a wireless signal into the 
spectrum of noise through the air so it may be picked up by a receiver.  A frequency 
modulated (FM) signal, sends the data on a particular frequency band that can be 
changed depending on the application.  The FCC controls which frequency bands can 
be used and delegates which applications can be used when.  For example, most public 
radio broadcasts operate within a 30 MHz band from 88 MHz to 108 MHz.  The 
transmitter device that will be used in the project will operate at 868 MHz, a range 
which has been assigned for unlicensed mobile use. 
 
Figure 3 - RTFQ2 Transmitter Module 
 
1.4 FM Receiver 
A signal can be broadcasted in multiple fashions through the airwaves.  For 
example, it might use Amplitude Modulation, in which the power of the signal varies 
based on which symbol is being sent.  The most commonly used method is Frequency 
Modulation.  This carries the signal on a specific frequency and as long as the receiver is 
tuned to pick the specific carrier frequency, the data will be transferred.  Depending on 
the type of data and how long the information is, Phase-Shifted Modulation allows for 
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more bits to be detected by the carrier.  The RRFQ2 controller uses a Phase Locked Loop 
(PLL) method to determine if there is power on the phase of the signal, which it uses to 
see if there is any data being passed along. 
 
 
Figure 4 - RRFQ2 Receiver Module 
 
1.5 Decoding 
The raw data sent by the transmitter and taken by the receiver must then be 
decoded.  For the RRFQ2 it is recommended to use the RF600D decoder that was built 
with this specific receiver.  The decoder can take in the raw information and determine 
whether a sensor was turned on or off.  It can also be programmed to pick up different 
transmitters and has status outputs for the maintenance of the system. 
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Chapter 2: Methodology 
The Smart Vest will help officers become safer in their surroundings.  To 
accomplish this, the vest needs to include the following items. 
• Must detect a damaging impact 
• Must not inhibit the officer 
• Must broadcast the signal to appropriate channels 
By researching and interviewing the campus police, a list of basic specifications 
was created with the given information.   
2.1 Design Specifications 
Our goal was to design a device that satisfies the following requirements: 
2.1.1 Impact Detection 
First and foremost, the device reliably detects the impact of a bullet on a Kevlar 
vest. False positives are kept to a minimum.  
2.1.2 Distress Signal Transmission 
Upon detecting a ballistic impact, the device wirelessly broadcasts a distress 
signal. The transmitter continually broadcasts the signal until a reset button is pressed. 
2.1.3 Reset Button 
When the reset button is pressed, the system stops broadcasting and returns to a 
detection state.  
2.1.4 Distress Signal Receiver 
A wireless receiver will receive the distress signal and pass it on.  
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2.1.5 Comfortable 
The sensor apparatus is designed to be integrated into a ballistic vest and thus 
must be thin, light, and flexible enough to be comfortably worn on the body. 
2.1.6 Battery Power Supply 
A regulated power supply will be run off of two AA batteries (3V), either 
disposable or rechargeable, and should be able to run for at least 48 hours on a single 
charge. 
2.1.7 A Note Concerning Scope 
Note that what is done with the distress signal once it is detected by the RF 
receiver is not covered in the requirements. As we envision it, our device would then 
pass the signal to a system designed to call for assistance, perhaps using a police radio 
or satellite phone. However, this application is beyond the scope of the project. 
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2.2 System Block Diagram 
 
Power Supply
Capacitive 
Pressure 
Sensor
Comparator Encoder FM Transmitter
FM ReceiverDecoder
Receiver 
Power Supply
 
Figure 5 - System Block Diagram 
The block diagram is meant to show the process through which the vest will 
detect a sudden impact. It also shows the signal flow through the circuit.  
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2.2.1 Power Supply 
The power supply needs to be mobile, so a battery powered option is the most 
viable.  To accomplish, the best design choice would be using rechargeable AA batteries 
as they are commonly found and can be longer lasting than alternative options.  In 
order for the batteries to supply the correct amount of power, a DC-DC converter 
would be needed to allow for the proper voltage and current to be sent to all of the 
components.  A popular option is to use a 2.5 V to 5 V boost converter.  This would 
allow for only two AA batteries to be needed in the design and it would supply the 
correct power. 
Once the power is converted, it can be sent to the correct sensor to that will help 
determine the proper impact.   
2.2.2 Capacitive Pressure Sensor 
 The pressure sensor block will output a variable voltage that will be sent to a 
decision circuit.  The sensor itself needs to be flexible and able to change voltage on 
impact.  A capacitive sensor was used because the characteristics of this type of circuit 
vary with the distance between the two plates.  This allows the sensor to change voltage 
when pressure is applied. 
 When the sensor is activated, it sends a signal to a decision block that determines 
whether the impact is a danger to the officer.  By using a flexible metallic fabric and 
flexible resistive material, we constructed a flexible parallel plate capacitor that could be 
fit into the vest.  When there is no dangerous impact, the sensor output will be below 
the set threshold voltage. 
One of our design requirements is that the system must be comfortable when 
worn as part of a protective vest, so the sensor itself needed to be flexible and feel as 
near to real clothing as possible. Velostat, a material made by 3M, is a polyethylene film 
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that has been impregnated with carbon black. It is has a thickness of 0.004” and a 
nominal resistivity about 500Ω/cm. It has the approximate look and feel of a black 
garbage bag and is commonly used in packaging to protect sensitive items from 
electrostatic discharge. 
 
Figure 6 - Velostat 
 
In addition, we needed a more conductive fabric.  Shieldit Super is used for RF 
shielding and is made with polyester interwoven with nickel and copper. It is 0.17mm 
thick with a resistivity of less than 1 Ω/cm. 
 
Figure 7 - Shieldit Super 
The circuit used to detect ballistic impact, shown in the Pressure Detection 
Circuit Schematic diagram, detects changes in the resistance of the sensor apparatus. 
The sensor was produced by sandwiching several layers of Velostat between two 
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square sheets of Shieldit. The two Shieldit sheets functioned as the two terminals of the 
sensor. When pressure is applied, the resistance between the terminals lowers as the 
layers of conductive fabric are pressed together. These layers of fabric can be modeled 
as a resistor in parallel with a capacitor, as indicated by C1 and R1 in the Pressure 
Sensor Circuit Schematic. 
2.2.3 Comparator 
 A comparator circuit will be needed to determine if the impact is strong enough 
to warrant sending a distress signal.  By using an integrated comparator circuit, it 
would be possible to compare the output voltage of the pressure sensor to a 
predetermined threshold voltage.  This can be solved by implementing an LM139E 
comparator chip. 
The threshold can be set to any voltage between 0 V and 5 V.  The comparator 
chosen was the LM139E, in which Vout = 0V when V+ < V- , and Vout = Vcc otherwise.  In 
this case it would be good to design the circuit so that if the sensor outputs more than 
half of the supplied voltage, it will send a proper signal.  That allows for 2.5 V to be set 
as the threshold.  Anything below this set threshold will not be detected by the circuit, 
and anything above the threshold will activate the comparator sending a signal to the 
next block of the diagram. 
The system uses a comparator to detect when the resistance of the sensor has 
reached a particular threshold. In addition, we used the SN74LS259 8-bit addressable 
latch to store the state of the system. The two states were transmit and do not transmit. 
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Figure 8 - LM139E Quad Differential Comparator (left) and SN74LS259 8-bit Addressable Latch (right) 
 
Figure 9 - Pressure Detection Circuit Schematic 
When pressure is not applied to the sensor, the positive input of the comparator 
is close to ground, since R1 is much greater than R2. The comparator output will 
therefore be a logic-low, since its input V- is set to 5V. This causes D and Enable inputs 
on the 8-bit latch to be equal to zero, resulting in the latch holding its state indefinitely. 
By default, this state is Q0 = 1, which is interpreted by the transmitter module of the 
system as “do not transmit.” 
When enough pressure is applied to the sensor, R1 drops close to 0Ω, resulting in 
the two inputs of the comparator being nearly equal. The comparator output goes high, 
resulting in the 8-bit latch writing the output to be Q0 =  1. If the pressure on the sensor 
is then released, the write enable on the latch goes low, so the state remains constant at 
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Q0 = 1, sending a signal to the transmitter subsystem to continuously transmit the SOS 
signal. 
If the button J1 is pressed, the Clear input on the 8-bit latch goes high, and the 
state is reset to Q0 = 0. This can function as a “false alarm” button, causing the device to 
stop transmitting. 
2.2.4 Encoder 
 The encoder transforms the outgoing signal of the comparator into a signal that 
can be transmitted.  It will add additional information that the receiver uses to allow for 
a more sophisticated circuit.  The included information includes the information 
regarding which transmitter was used and which sensor was activated. 
2.2.5 Transmitter 
 When the signal comes to the transmitter block, it needs to then be sent over the 
airwaves.  The transmitter will take in the signal and convolve it with another signal 
that can send the data in RF form and successfully reach the receiver.  By using the 
RTFQ2, this transformation can take place without any additional circuitry. 
2.2.6 Receiver 
 After the signal is sent over by the transmitter, it needs to be received.  The 
receiver must be able to detect an incoming transmission and send the data to the 
decoding block of the circuit.  The RRFQ1 receiver chip detects streams of data along a 
certain frequency range.  All of the data picked up by that frequency range is 
transformed and sent along to a decoder.  The major focus of the Receiver is only to 
send the stream of data from that range. 
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2.2.7 Decoder  
 The purpose of the decoder is to take in the stream of data of the receiver block 
and determine if the signal is coming from an activated sensor.  Additionally, it sends 
this relevant information along to the next link (perhaps a police radio), which is out of 
the scope of this project.  The RF600D is the partner chip to the RRFQ1.  It was designed 
to use the signal received by the RRFQ1 receiver, and decode the proper channel.  It is 
also capable of being programmed for other transmitters. 
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Chapter 3: Testing 
After determining the proper components, the next part of the procedure was to 
test them in their appropriate functional blocks, then finally all together.  The testing 
was completed using the power supplies and oscilloscopes supplied by Worcester 
Polytechnic Institute. 
3.2 Power Supply 
 
Figure 10 - Power Supply Circuit Schematic 
 
The design of this project requires that the circuit be sustained by its own power 
block and not attached to an outlet.  This requires a block for the power supply that can 
output and regulate the correct voltage.  Once put together, it needed to be tested to 
ensure the correct voltages. 
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The MAX756 is a DC-DC voltage converter that takes in around 2.4 V DC, 
supplied by 2 AA batteries in this project, and converts it to 5 V DC.  Both a digital 
multimeter and an oscilloscope were used to verify the correct voltage of the block.  The 
results showed that the block was able to output the correct voltage for the power needs 
of this project. 
3.3 Sensor 
 
 
Figure 11 – Ballistic Detection Circuit Schematic 
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After the power supply was created, it was attached to the sensor to test the 
sensors capabilities.  The sensor is composed of a flexible metal material, and in 
between is a plastic dielectric substrate, made from an electro shielding plastic.  To 
determine the total capacitance of the sensor required using the following equation.  
 
Figure 12 - Capacitance Equation for a Parallel Plate Capacitor 
 
The area of the square was 100cm2 with a distance of 5mm, and the material is 
made of polypropeline which has a dielectric constant of 1.5 making it have a 
capacitance of 3 Farads.  More importantly in this scenario however, is the Equivalent 
Series Resistance (ESR).   That is because when the force of the bullet impacts onto the 
vest, it is going to change the capacitance and therefore change its ESR.  The voltage 
will then change because of the changing ESR. 
 
Figure 13 - Resistance vs. Force 
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The Resistance VS Force graph helps us extrapolate the equivalent series 
resistance according to the amount of force used on the sensor.  By adding layers to the 
capacitor it changes how much force is needed to before the resistance gets to be low 
enough that current can pass through.  
The sensor is then connected to a comparator that can determine whether the 
sensor has been pressed or not.  The reference voltage was 2.5V which would be half the 
supply voltage.  Once the sensor has been pressed and creates a voltage higher than 
2.5V, it should set the output to high, which will enable the encoder that will send the 
signal to the transmitter. 
 
Figure 14 - Simulation When Sensor is Active 
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Figure 15 - Simulation When Sensor is Below Threshold 
 
As shown in the simulations, the comparator circuit will accurately determine 
when the sensor has been activated.   
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3.4 Encoder 
 
Figure 16 - Encoder Circuit Schematic 
 
When the sensor is activated, it acts as one of the switches in the encoder block.  
The proprietary RF600E has 4 switch inputs that initially allows for four different 
sensors. However, more sensors could be added using various logic techniques at a loss 
of certain specific information. 
The test for this block of the circuit consisted of determining if data was being 
output to the transmitter. 
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Figure 17 - Completed Encoder Circuit 
 
After building the circuit, an oscilloscope was attached to the Serial Data Output. 
 
Figure 18 - Serial Data Output 
 
This result shows the information being passed along to the transmitter.  In this 
data is the ID of the encoder along with the status of the switches.  This gives a passing 
result to this block of the circuit.   
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3.5 Transmitter 
 
Figure 19 - Transmitter Circuit 
 
The final part of the transmitter testing involves the block in which the signal 
gets sent to the transmitter itself.   
The RTFQ2 takes in the data stream of the encoder and convolves it with a cosine 
wave and sends it to the antenna to be sent to the receiver.  This can verification can be 
used by viewing the frequency spectrum that the transmitter is transmitting on, which 
is 433 MHz  This is done using a radio receiver and viewing the FFT spectrum of the 
airspace. 
It was determined that the signal was being sent across the appropriate band by 
viewing it from a USRP2.  
3.5.1 Transmitter Results 
After testing each of the individual blocks of the transmitter, the first half of the 
block was put together.  The power supply was connected to the sensor and comparator 
block.  The sensor then acted as a switch for the encoder that detects when the bullet 
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applies pressure to the sensor.  This sends a data stream to the transmitter that will send 
the signal to the appropriate receiver.  
32 
 
3.6 Receiver  
The second half of testing involves the receiver side of the circuit.  The blocks in 
this include the Receiver Circuit and the Decoder Circuit.  The Receiver circuit will take 
the signal from the airwaves while the Decoder circuit will translate which sensor was 
activated. 
 
  
 
Figure 20 - Decoder and Receiver Circuit 
To determine if the Receiver chip is working properly, it was essential that the 
transmitter block worked.  After passing the tests, a signal was transmitted to the 
receiver.  Using a digital monitor, it was able to pick up the data stream that was able to 
be sent to the decoder. 
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Figure 21 - Receiver Data Stream 
 
This stream includes the ID of the transmitter and the status of the switches.  The 
stream shown in the Receiver Data Stream figure is after it has been decoded.  Before it 
has been decoded it is convoluted with a cosine wave.   
By viewing this stream of data it was determined that the receiver circuit was 
working properly, as it would not be sending any streams of data if the receiver circuit 
was not working.  The decoder tests will determine if the system is interpreting the 
signal correctly.   In addition the test also shows the signal strength of the received 
transmission.  The strength can show how clear the signal is being received by the 
circuit. 
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3.7 Decoder Circuit 
The decoder circuit takes the signal from the receiver and interprets which sensor 
is being pressed.    This is ultimately the final test as it puts together all the pieces of the 
project.  The test to determine if the system is working correctly is by attaching an LED 
to the output to see if the enable turns on.  If the enable turns on then it is an indicator 
that it can be sent to a separate system to be interpreted by a computer and sent to a 
dispatcher. 
3.7.1 Decoder Results 
 
 
Figure 22 - Completed Decoder Circuit 
When the system was powered and the sensor was pressed, it activated the LED 
as shown above.  This result shows that the entire system functions correctly.  It can 
then be put together to create the circuitry for the vest.  Additional sensors may be 
attached, allowing for increased accuracy.  Additionally the signal can be attached to 
another embedded system that can manipulate the final result that can send a message 
to dispatchers or other officers.  
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Chapter 4: Cost 
Velostat: Velostat comes in 36”-wide rolls and costs $1.95 per linear foot. This comes out 
to $0.65/Sq Ft. Rather cheap as far as fabrics go. 
Shieldit Super: Shieldit Super costs $8.95/lin. ft and is cut 14” wide, coming to  
$7.67/Sq Ft. 
LM139 Differential Comparator: $0.50 from Digikey (price goes down significantly with 
quantity). 
SN74LS259 8-Bit Addressable Latch: $1.08 from Digikey. 
FMRTFQ2 FM Transmitter: $11.25 from Digikey. 
RF600E FM Transmiter Encoder: $2.99 from Digikey. 
FMRRFQ2 FM Receiver: $19.50 from Digikey. 
RF600D FM Receiver Decoder: $8.95 from Digikey. 
MAX756 DC-DC Converter: $5.02 from Digikey. 
Minor Components: 11 resistors, 4 capacitors, 1 inductor, 2 NPN transistors. Together 
these cost $8.99. 
Total Cost Per Unit = $69.18 
The unit cost could be brought down by at least 50% through scale. Overall, the cost is 
about 10% of the price of the average ballistic vest, which tend to range from $300 to 
$1500. 
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Chapter 5: Recommendations for Future Development 
The following will be recommendations for future development of the smart 
vest.  While the vest in its current form would probably detect a dangerous situation 
and alert the proper channels, there are certain things that can be improved upon.  Most 
of the improvements include on expanding the scope of the project. 
5.1 Sensor Recommendations 
 As it stands the vest only detects impacts onto the officer.  This will stop direct 
attacks on the chest area of the person using the vest.  To expand upon this, additional 
sensors could be added to the vest to allow for more information to be sent to whoever 
is monitoring the status of the vest.   
One additional sensor could be one that detects the blood pressure of the officer.  
By detecting the blood pressure of the officer it can interpret certain emotions or 
statuses of what is occurring at that particular moment.  This is something that was 
originally thought of however it was difficult to determine whether a proper signal 
could be generated.  Blood pressure increases can occur for multiple reasons that do not 
necessarily indicate an attack is occurring or that the officer is in danger.  Even the 
physical characteristics of the officer are a variable to take into consideration.  It was 
thus determined that a blood pressure sensor was outside the scope of this project, 
however it could be used in future implementations. 
Another sensor that could be useful is one that detects body temperature.  When 
the body enters a state of shock, the body temperature can decrease dramatically which 
could be detected and trigger an alert to the proper emergency services.  One drawback 
to this application is that the officer is already wearing multitudes of equipment causing 
a changing body temperature.  Additionally the weather conditions would affect the 
output of the signal, especially in New England where in the winter it can be extremely 
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cold, lowering the accuracy of the sensor.  These factors put this sensor outside the 
scope of the project. 
5.2 Wireless Recommendations 
 There are a few recommendations which can be applied to the wireless portion of 
the project.  Two of the concerns in this block include signal strength and security.  Both 
of these would require new hardware implementation. 
 Right now, the current project allows for officers to be up to 75m away from the 
receiver.   While this is fairly sufficient for the officer to inspect houses and close urban 
areas from his car, it would not be ideal in a rural setting where the receiver may be 
farther from the officer.  This could be altered by adding in a more powerful receiver 
however that may also change the power supply specifications of the circuit.  It was 
deemed that the wireless circuit created in this project was sufficient for the goals of this 
project, yet having more power would allow for more applications. 
 Another recommendation involves the security of the wireless signal.  There are 
no steps involved currently to protect the signal from corruption.  The current signal 
convolves the outgoing transmission through a sine wave with no other encoding 
technology.  It is vulnerable to be picked up by other sources and the information could 
be decoded from the signal.  By adding additional encoding and decoding blocks, it 
would strengthen the security element of the signal. 
5.3 Programming Recommendations 
 Much of this project involves creating the signal that can determine if there is 
danger.  One thing that could be added would be creating a device to use that signal as 
a demonstration.  An example would be displaying a message or sounding an alarm.  
Right now the circuit turns on an LED that determines that the signal was sent correctly 
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 Another programming recommendation is to add a processer that can activate 
any of the vests or program them to other receivers.  Right now the circuit can be 
altered to reprogram the circuits, yet making a software implementation would be 
simpler.  This would allow for broader use and making it so that more devices can be 
monitored at the same time 
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Chapter 6: Conclusions 
The project successfully designed and created a device that determines if the 
wearer is put into any physical harm.  The results of the tests show that the device is 
capable of detecting impact, determining if it is within the threshold, encoding the 
signal, transmitting the signal, receiving the valid transmission, and decoding the 
proper results.  Although the device may be sensitive, it was able to properly function 
as specified. 
Some of the obstacles encountered include manufacturing the sensors properly, 
implementing the wiring in the vest, and allowing for proper fitting.  The circuitry can 
fit nicely in a small box to the side of the wearer’s waist.  Another challenge was 
powering the devices to test their functionality which was solved once the battery 
supplies were created. 
While the project was ultimately a success, this device in its current form is 
probably not a viable commercial product. Police officers already complain of wearing 
too much body armor, and adding an extra layer of thickness would need to be justified 
by a significant advantage over existing products. While our device could conceivably 
help some officers in times of need, it is an added expense targeted toward the highly 
specific and fairly rare situation of a police officer suffering a nonfatal-yet-
incapacitating gunshot to the vest. In the majority of such situations, the officer is able 
to hit the distress button on his radio, and in the end we are not convinced the device 
would save enough lives to be worth the extra cost and inconvenience.  
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Appendix A: Encoder/Decoder Datasheets
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Appendix B – Transmitter-Receiver Datasheets
66 
 
67 
 
68 
 
69 
 
70 
 
 
71 
 
  
72 
 
Appendix C – Velostat Datasheet 
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